The paper investigates some basic dynamical properties of a general system obtained from the Lorenz system using a non-linear feedback controller. We focus on the bifurcation of the equilibrium points and on the existence and the description of homoclinic and heteroclinic orbits. We present necessary conditions for the anticontrol of chaos in the considered system.
INTRODUCTION
Over the last decades chaos has gradually moved from simply being a curious phenomenon to one with practical significance and applications. The control of chaos (the stabilization of the chaotic orbits) or the anticontrol of chaos (the creation of chaos in a stable system) are key issues in applications where chaos is dangerous (engineering, comunications, many physical, chemical, biological, social phenomena) respectively important and useful (thorough liquid mixing with low power consumption, high-performance circuit design for telecommunication, collapse prevention of power systems, biomedical engineering applications to the human brain and heart).
In order to control or anticontrol the chaos a feedback controller can be used. We will exemplify this technique using a system obtained by applying a simple and implementable controller to the Lorenz system 
This system, introduced in [1] in 1963, is considered a pattern of the chaotic behaviour. For some values of the parameters (for example a = 10, b = 8/3, c = 28) it displays a very complex dynamics characterized by the sensitive dependence on initial conditions and the existence of a strange attractor [1] . Hundreds of interesting papers were devoted to the study of its dynamical properties and to the description of its attractor. For other values of the parameters (for example a > 0, b > 0, c ∈ (0, 1)) the system has a simple behaviour because the equilibrium point O(0, 0, 0) is a global attractor. It is an ideal example to apply the control/anticontrol techniques. 2 The controlled (or anticontrolled) system considered in this paper is It is obtained from (1) using the control term u Mx Ny Pxz = + + .
At least three particular cases of (2) are important both from theoretical and practical point of view and were extensively studied.
The Chen system
introduced in [2] has an attractor which is not topologically equivalent with the Loreanz' attractor. Some global bifurcation in Chen system were pointed out and anticontrol techniques were applied in [3] , many interesting properties of the chaotic attractor were studied in [4] , local bifurcation were studied in [5] . Chaos control was investigated in [6] existence of homoclinic and heteroclinic orbita was investigate in [7] . A transition between the Lorenz and the Chen system is the Lu system 
introduced in [8] . The comparison of some dynamical properties of Lorenz, Chen and Lu systems is showed in [9] . The T-system (5) was introduced recently in [10] .
These systems have specific dynamical properties, but they have some common characteristics, due to the fact that they are particular cases of (2) .
Indeed, the Lorenz system is a particular case of (2), corresponding to M = N = P = 0, the Chen system is obtained for M = -a, N = 1 + c, P = 0, the Lu system corresponds to M = -c, N = 1 + c, P = 0 and for M = -a, N = 1, P = 1 -a is obtained the T-system.
In this paper we study the bifurcation of the equilibrium points and the existence of homoclinic and heteroclinic orbits of the general system (2). In Section 2 it is shown that the feedback control can be used in order to generate chaos in the stable Lorenz system. In Section 3 the existence of the heteroclinic orbits is correlated with the regular behavior of (2) and necessary conditions for the anticontrol of chaos are presented. Some results contained in [1, 5, 7, 10] are obtained as particular cases of our calculation.
EQUILIBRIUM POINTS
The system (2) is symmetric with respect to the Oz axis. The dynamics of the system is affected by this symmetry: if 
− the system has three isolated equilibrium points:
The proof comes directly from the analysis of the eingenvalues of the Jacobian matrix of (2) in O(0, 0, 0).
The existence of three unstable equilibria can be associated with the chaotic behavior of the system. The pithfork bifurcation that occurs when 1 0 M N c + + − = opens the way for a cascade of tangent and period doubling bifurcations from which the chaos emerges.
In the conditions a > 0, b > 0, which are fully accepted, the bifurcation line for the Lorenz system is c = 1. If 0 < c < 1 the Lorenz system is stable because the origin is a global attractor. In the system (2) the pichfork bifurcation occours for small values of the control parameters M, N, P, when 0 1 1 M N c < + = − < , hence the feedback controller can generate chaos in the stable Lorenz system.
For example, in the Chen system the pitchfork bifurcation is obtained when 0 2 1, c a < = / < respectively 0 1 c a < = < in the Lu and the T systems. These particular results can be found in [1, 5, 8, 10 ]. An extensive analysis of bifurcations in Chen system is presented in [3] .
HETEROCLINIC AND HOMOCLINIC ORBITS
Homoclinic and heteroclinic orbits are important concepts in the study of the bifurcation of vector fields and chaos. Many chaotic characteristics of a complex system are related to the existence of homoclinic and heteroclinic orbits. In this section we study the existence of these kind of orbits for the generalized Lorenz system (2). In order to prove the existence of the heteroclinic orbits a Lyapunov like function can be used. Its main properties are presented in the following lemma. 
is a decreasing function. 
For any 1 2 t t < we have ( ) (2) has not homoclinic orbits. 
there is a sequence ( ) n n N t ∈ of positive numbers such that
Because V is continuous it results that ( ) 
